1. Introduction {#sec1-nutrients-12-02107}
===============

Although there have been steady declines in the incidence and prevalence of cardiovascular disease (CVD) over the past five decades, it remains the leading cause of death among American women \[[@B1-nutrients-12-02107],[@B2-nutrients-12-02107]\]. Apart from metabolic risk factors (such as a diagnosis of diabetes, hypertension, and/or high cholesterol), poor health behaviors, including an unhealthy diet, smoking cigarettes, physical inactivity \[[@B2-nutrients-12-02107]\], and sleeping too much or too little \[[@B3-nutrients-12-02107]\] significantly increase the risk of dying from CVD. Despite the growing awareness of how a healthy lifestyle can reduce these risk factors, many women do not adhere to preventative recommendations \[[@B4-nutrients-12-02107],[@B5-nutrients-12-02107]\].

Tied to this, biological and epidemiological evidence suggests that excessive psychological stress---that taxes or exceeds one's resources and adaptive capacity---has disruptive effects on cardiovascular health including the diet, physical activity, sleep behavior, and the likelihood that an older woman will adhere to behavioral interventions \[[@B6-nutrients-12-02107],[@B7-nutrients-12-02107],[@B8-nutrients-12-02107],[@B9-nutrients-12-02107]\]. This evidence extends to racially and ethnically diverse older female populations \[[@B10-nutrients-12-02107],[@B11-nutrients-12-02107],[@B12-nutrients-12-02107]\] and may be particularly relevant to specific racial/ethnic groups. In particular, Black women face structural and personally mediated racism, and subsequently experience disproportionately higher levels of race-related stress at community and individual levels \[[@B13-nutrients-12-02107],[@B14-nutrients-12-02107]\]. This is the result of both historic segregation \[[@B15-nutrients-12-02107]\] and contemporary discrimination \[[@B16-nutrients-12-02107]\], and manifests itself in limited access to health resources, such as full-service supermarkets \[[@B17-nutrients-12-02107]\] and green spaces \[[@B18-nutrients-12-02107]\]. Furthermore, higher perceived discrimination has been associated with lower engagement in protective health behaviors among Black women \[[@B19-nutrients-12-02107]\].

Psychological resilience (hereafter referred to as "resilience") is defined as the self-reported ability to bounce back from stress. Since it is modifiable and assessable, it may foster protective health behaviors \[[@B20-nutrients-12-02107]\], irrespective of one's social and physical environment \[[@B21-nutrients-12-02107]\]. Recent epidemiological studies demonstrate that resilience is positively associated with CVD-protective health behaviors, which include better diet quality \[[@B22-nutrients-12-02107]\], non-smoking status \[[@B23-nutrients-12-02107],[@B24-nutrients-12-02107]\], increased physical activity \[[@B25-nutrients-12-02107]\], adequate sleep duration \[[@B26-nutrients-12-02107],[@B27-nutrients-12-02107]\], and moderate alcohol consumption \[[@B28-nutrients-12-02107]\]. It is important to note, however, that these studies have not focused exclusively on older women. There is also limited research on the relationship between resilience and CVD-protective health behaviors in racially and ethnically diverse older women from the general population \[[@B19-nutrients-12-02107],[@B20-nutrients-12-02107]\].

That being said, Kim et al. \[[@B29-nutrients-12-02107]\] used census data to discover that there are "resilient neighborhoods" throughout the United States, where Black residents had substantially lower than expected rates of CVD events. Yet, the team did not evaluate the relationship between individual-level psychological resilience and protective behaviors in older women \[[@B29-nutrients-12-02107]\]. Similarly, Saban et al. \[[@B30-nutrients-12-02107]\] reported that subjective social status and social support may contribute to perceived resilience among Black women. While social support is a protective factor against CVD and is associated with positive health behaviors, their study did not evaluate perceived resilience and associated health behaviors \[[@B30-nutrients-12-02107]\].

More closely aligned with our study objective, Felix et al. \[[@B10-nutrients-12-02107]\] examined associations of stress with incident CVD among Black women enrolled in the Women's Health Initiative (WHI) and tested for effect modification by the brief resilience scale (BRS). They discovered that higher stressful life events were significantly and positively associated with incident CVD. Although resilience did not modify this relationship nor was it associated with CVD, women with higher resilience reported healthier characteristics (i.e., more physical activity and less obesity) compared to women with lower resilience. Considering that the BRS was only conducted once---in 2011---and most of the relevant health behaviors and stressful life events were measured that same year \[[@B10-nutrients-12-02107]\], it is necessary to build upon this foundation to evaluate the main effect of resilience health behaviors.

Addressing this gap, our study examines the associations between resilience and the CVD-protective behaviors listed above among racially and ethnically diverse older women in the Women's Health Initiative, Extension Study II. It is important to frame our contribution in the context of policy and public health interventions, namely, we are evaluating the relationship between resilience and health behaviors as a foundational step to understanding asset-based and strength-based lifestyle intervention approaches, which may be particularly helpful to and relevant for Black women. Because BRS takes an outcome-oriented approach that defines resilience in terms of how well someone bounces back from stress, it may be ideal for intervention purposes \[[@B31-nutrients-12-02107],[@B32-nutrients-12-02107]\]. Our team hypothesized that high levels of resilience would be significantly associated with more CVD-protective behaviors, after adjusting for stressful life events, sociodemographic characteristics, and additional CVD risk factors. Additionally, we hypothesized that these associations would differ by race/ethnicity.

Since "resilience" as an outcome is modifiable and assessable (i.e., how well did you bounce back from the stressful event?) and outcome-oriented definitions and assessments require a baseline of stress, Black women are suitable candidates for resilience-based interventions, because they have dealt with a history of injustice \[[@B20-nutrients-12-02107],[@B31-nutrients-12-02107],[@B33-nutrients-12-02107],[@B34-nutrients-12-02107]\]. Thus, our goal is to evaluate the relationship as a foundational step to understanding whether assessing resilience could be beneficial in lifestyle interventions for older women, and to test whether that relationship differs by race/ethnicity---especially among Black women.

2. Materials and Methods {#sec2-nutrients-12-02107}
========================

2.1. Study Design {#sec2dot1-nutrients-12-02107}
-----------------

Since 1993, the Women's Health Initiative (WHI) has investigated strategies to prevent and control the common causes of morbidity and mortality, including cancer, fractures, and cardiovascular events among older American women. The longitudinal study has been conducted at 40 research institutions across the United States and has been extended three times---the WHI Extension Study I (2005--2010), Extension Study II (2010--2015), and Extension Study III (2015--2027). Details about the WHI study, as well as the first and second extension studies' rationales, designs, and consent processes, have been previously reported \[[@B24-nutrients-12-02107],[@B25-nutrients-12-02107]\]. Participants in the original WHI clinical trial and observational study enrolled at baseline (between 1993 and 1998) and were followed until 2005. In 2005, 2010, and 2015, participants from the original study were given the opportunity to enroll in extension studies for follow up.

The WHI originally enrolled 161,808 women aged 50--79 between 1993 and 1998. Of the 161,808 women who have participated in the WHI, we considered all women enrolled in the WHI Extension Study II who had available data on resilience collected in 2011 (*N* = 78,525) in our cohort who were then aged 62--85+. We excluded women who identified as American Indian, Alaska Native, or those categorized as 'other' due to their low numbers (*N* = 1133; 1%), consistent with an aim of this study to evaluate whether race/ethnicity is an effect modifier with adequate power. This yielded a final analytic cohort of *N* = 77,395. See [Figure S1](#app1-nutrients-12-02107){ref-type="app"} for an illustration of the study dropout rate and missing data. Written, informed consent was obtained from all study participants at enrollment, and as part of each extension study.

As noted above, our objective was to examine the relationship between self-reported resilience and the following 5 CVD-protective health behaviors: (1) diet quality (top 2 quintiles of the Healthy Eating Index 2015 vs. bottom 3); (2) smoking status (current non-smoker vs. smoker), (3) physical activity (adequate (≥ 150 min of total (walking, moderate, and vigorous) physical activity per week) vs. inadequate (\< 150 min\]), (4) meeting the recommended hours of sleep per night (7--9 h) vs. more or less than recommended; and (5) consuming alcohol moderately (consuming alcoholic drink(s) 1--7 days per week). Each behavior was assessed against the backdrop of recommendations for preventing CVD \[[@B2-nutrients-12-02107]\].

In the absence of a national guideline for diet quality, we used epidemiological evidence from other large observational cohorts, such as the Multiethnic Cohort study \[[@B35-nutrients-12-02107]\]. The main study measures were collected in 2011, with the exception of diet quality, which was collected at baseline (between 1993 and 1998). All study measures were collected by mail via multiple surveys to accommodate a large sample size and maintain participation over time.

2.2. Measures {#sec2dot2-nutrients-12-02107}
-------------

### 2.2.1. CVD-protective Health Behavior Outcomes {#sec2dot2dot1-nutrients-12-02107}

Better diet quality: Drawing on the validated WHI food frequency questionnaire collected at baseline \[[@B36-nutrients-12-02107]\], diet quality was measured using the Healthy Eating Index 2015 (HEI-2015). This includes 13 dietary components (9 adequacy and 4 moderation) that sum to a total of 100 points. Higher scores indicate a higher diet quality. We decided to use the top 2 quintiles of the HEI-2015 based on recent evidence demonstrating that diet quality scores that fall into these upper-level distributions are associated with a significantly lower risk of CVD-related and all-cause mortality in women \[[@B35-nutrients-12-02107],[@B37-nutrients-12-02107],[@B38-nutrients-12-02107]\]. In terms of the data collected, higher scores reflected adherence to the 2015 Dietary Guidelines for Americans and a superior diet quality.

Non-smoking status: Even if a person has a history of smoking, being a current non-smoker is a protective behavior against CVD \[[@B39-nutrients-12-02107]\]. Accordingly, participants were asked to answer "yes" or "no" to the following question: "Do you smoke cigarettes now?" We did not measure lifetime smoke exposure.

Recommended physical activity: Total min of recreational physical activity---including mild, moderate, and strenuous physical activity (per week)---was derived from questions about the participants' routine physical activities and exercise regimens. Participants were asked about how often and how long they engaged in various activities, such as walking, dancing, biking outdoors, swimming, and tennis. Using the 2019 American Heart Association's physical activity recommendation as a guide, we classified whether participants achieved ≥ 150 min of total physical activity per week \[[@B40-nutrients-12-02107]\], noting that even light-intensity exercise provides significant health benefits in older women \[[@B41-nutrients-12-02107],[@B42-nutrients-12-02107]\].

Adequate sleep: Participants were asked "About how many hours of sleep did you get on a typical night during the past 4 weeks?" We classified responses based on the recommended amount of 7--9 h \[[@B43-nutrients-12-02107]\]. Of note, Sands-Lincoln and colleagues (2013) examined both shorter (≤ 5 h) and longer (≥ 10 h) sleep periods in the context of incidence of CVD among postmenopausal women in the WHI \[[@B44-nutrients-12-02107]\]. They found that women who self-reported both shorter and longer sleep duration demonstrated significantly higher rates of coronary heart disease (25%) and CVD (19%) in age- and race-adjusted models \[[@B44-nutrients-12-02107]\].

Moderate alcohol consumption: Participants were asked, "In the past 3 months, how often have you had drinks containing alcohol?" Their response items ranged from "0 = Never," "1 = 1 or 2 times per week," to "7 = every day." Based on these responses and the assumption that women did not consume drinks more frequently than 1 drink each day, we developed a binary variable for moderate alcohol use to describe participants who reported consuming alcoholic drink(s) 1--7 days per week (moderate drinkers) \[[@B45-nutrients-12-02107],[@B46-nutrients-12-02107],[@B47-nutrients-12-02107]\].

### 2.2.2. Exposures and Covariates {#sec2dot2dot2-nutrients-12-02107}

Resilience: Resilience was measured using an abbreviated version of the brief resilience scale (BRS) \[[@B20-nutrients-12-02107],[@B48-nutrients-12-02107]\]. The original BRS was tested in *N* = 354 individuals who were subdivided into 4 groups, including 2 behavioral medicine samples (*N* = 112 cardiac patients and *N* = 50 older women with fibromyalgia). In previous studies, the BRS proved to be a key indicator of aging well in the WHI cohort \[[@B49-nutrients-12-02107]\]. Similarly, the scores were moderately high in our population. Because BRS distribution was skewed toward higher resilience, total scores were categorized into low (0.1--2.9), medium (3.0--4.2), and high (4.3--5.0) resilience levels based on the authors' suggested cut-offs to examine possible non-linear associations \[[@B48-nutrients-12-02107]\]. Using a 5-point Likert scale (strongly disagree/agree), our participants rated the following statements: "I tend to bounce back quickly after hard times," "It does not take me long to recover from a stressful event," and "I have a hard time making it through stressful events." Cronbach's alpha coefficient for the 3 items was 0.74, suggesting relatively high internal consistency.

Stressful life events: Stressful life events were assessed through 12 questions drawn from a modified life change measure from the Beta-Blocker Heart Attack Trial \[[@B50-nutrients-12-02107]\]. Specifically, our study participants were asked whether they had experienced any of 12 different stressful life events in the past year, and, if so, how much each one had upset them. For example, they were asked: "Did you have any major problems with money?" Participant response options included "No", "Yes, and it upset me: Not too much," "Yes, and it upset me: Moderately," and "Yes, and it upset me: Very much." Each response was scored 0--3 per question, and all 12 items were summed such that totals scores ranged from 0 to 36. A higher score indicated that participants experienced an increased number of stressful life events that were very upsetting to them.

Additional variables: The sociodemographic variables that were assessed included self-reported age (in years); race/ethnicity (Black or African American (Black), non-Hispanic white (not Hispanic origin), Hispanic or Latina (Latina), Asian or Pacific Islander); education level (\< high school, high school or general education diploma, some college, 4 year college degree or more); annual household income (\<\$20,000 per year, \$20,000--\$34,999, \$35,000--\$49,999, \$50,000--\$74,999, \$75,000+; and marital status (never married, divorced or separated, widowed, presently married/married-like relationship). Other CVD risk factors considered were body mass index (BMI), and presence of diabetes, hypertension, and high cholesterol. Note, BMI was calculated from the weight and height measurements taken at baseline (1993--1998). The presence of diabetes, hypertension, and high cholesterol was determined through self-reported diagnosis or treatment of these conditions. For diabetes, self-reported treatment included medication, insulin, and diet or exercise. Additionally, the depression scale was computed based on the short form of the Center for Epidemiologic Studies Depression Scale (CES-D), and values ranged from 0 to 1, with a higher score indicative of greater likelihood of depression \[[@B51-nutrients-12-02107],[@B52-nutrients-12-02107],[@B53-nutrients-12-02107]\]. Note, authors of the CES-D consider those with a score greater or equal to 0.06 as depressive.

2.3. Statistical Analysis {#sec2dot3-nutrients-12-02107}
-------------------------

Descriptive statistics were used to describe stressful life events (SLEs), sociodemographic information, and CVD-protective behaviors by level of resilience.

To investigate the association between resilience and CVD-protective behaviors, we fit a series of multivariable logistic regression models, adjusted for sequentially-added variables. The covariates included in all models were pre-specified. Initially, we used logistic regression analysis to: fit unadjusted models (Model 0) and models adjusted for the stressful life event score (Model 1); the stressful life event score and sociodemographic information (age, race/ethnicity, education) (Model 2); and the stressful life event score, sociodemographic, and additional CVD risk factors (BMI, hypertension, diabetes, and/or high cholesterol) (Model 3). To assess whether the association differed among racial/ethnic groups, we added a statistical interaction term between resilience and race/ethnicity to the fully adjusted models (Model 4). Black women with low resilience were selected as the reference group because they were at the highest risk of CVD and poor health behaviors \[[@B2-nutrients-12-02107],[@B10-nutrients-12-02107]\]. Resilience (3 levels) and race/ethnicity (4 levels) were both treated as categorical variables, yielding 11 interaction terms. ANOVA was used to jointly test the null hypothesis that the coefficient on the statistical interaction terms were equal to 0. Overall, 5 models were fit for each of the 5 outcomes, totaling 25 models. As a post-hoc sensitivity analysis, we included depression scale as an additional covariate to the fully-adjusted model and the fully-adjusted model with an interaction term between resilience and race/ethnicity.

To address missing data, we created 5 datasets using multiple imputations by chained equations (MICE) that were then combined using Rubin's rules. Analyses were performed in Stata 13.1 (StataCorp. 2013. *Stata Statistical Software: Release 13*. College Station, TX, USA: StataCorp LP) and SAS 9.4 (SAS Institute, Inc., Cary, NC, USA). All tests were 2-sided and performed at the 0.05 significance level. Two authors (H.H. and F.Q.) had full access to all of the WHI data required for this study and take responsibility for its integrity and the data analysis.

3. Results {#sec3-nutrients-12-02107}
==========

Of the 77,395 WHI Extension Study II participants, most women self-reported medium (36.8%) or high (35.7%) levels of resilience. Few women reported low resilience levels (5.6%) (for more on this, see [Table 1](#nutrients-12-02107-t001){ref-type="table"}). Women who self-reported high resilience levels tended to have lower stressful life events and higher socioeconomic resources compared to women with low or medium levels of resilience. On average, women who self-reported high levels of resilience experienced fewer stressful life events ((mean ± standard deviation) 2.67 ± 2.72 vs. 4.14 ± 3.80); had higher levels of education (49.8% had a 4 year college degree or more vs. 40.9%); and had higher annual household incomes (27.4% reported \$75,000 vs. 18.6%), compared to women who reported low resilience. The racial/ethnic distribution among women in the high-resilience group was consistent with that of the total sample, with Black women being slightly over-represented.

In terms of CVD risk factors, women with high resilience showed a lower prevalence of obesity (26.3% vs. 27.2%); diabetes (13.2% vs. 15.5%); hypertension (55.1% vs. 62.1%); and high cholesterol (27.4% vs. 29.6%) compared to women with low resilience. Women with high resilience also had the highest engagement in protective health behaviors according to CVD prevention guidelines (see [Table 2](#nutrients-12-02107-t002){ref-type="table"} and [Figure 1](#nutrients-12-02107-f001){ref-type="fig"}).

Compared to those who reported low resilience in the full model (Model 3), given similar stressful life events, sociodemographic factors (i.e., age, race/ethnicity and education), and CVD risk factors (i.e., BMI, hypertension, diabetes, and/or high cholesterol), women who reported high resilience had significantly greater odds of diet quality scores in the top 2 quintiles (OR = 1.22; CI:1.15--1.30); engaging in 150 min of recreational physical activity per week (OR = 1.56; CI:1.47--1.66); sleeping the recommended 7--9 h (OR = 1.36; CI:1.28--1.44); and moderately consuming alcohol (OR = 1.28; CI:1.20--1.37).

Similarly, compared to those who reported low resilience, women who reported medium resilience had significantly greater odds of diet quality scores in the top quintiles (OR = 1.09; CI:1.02--1.16); engaging in 150 min of recreational physical activity per week (OR = 1.23; CI:1.15--1.31); sleeping the recommended 7--9 h (OR = 1.14; CI:1.07--1.21); and moderately consuming alcohol (OR = 1.20; CI:1.13--1.28), after adjusting for covariates. Neither high (OR = 1.02; CI: 0.85--1.24) nor medium (OR = 0.99; CI: 1.02--1.16) resilience levels were significantly associated with non-smoking status (see [Table 3](#nutrients-12-02107-t003){ref-type="table"}).

Additionally, women who reported higher levels of resilience overall had lower likelihood of depression ((mean ± standard deviation) 0.0066 ± 0.040 vs. 0.036 ± 0.12 vs. 0.11 ± 0.22 for high, medium, and low resilience, respectively). In our post-hoc sensitivity analysis, adding depression to the fully adjusted model and interaction model did not substantially alter our findings (see [Tables S2 and S3](#app1-nutrients-12-02107){ref-type="app"}).

These associations differed by racial/ethnic groups but only for recommended h of sleep (*p* for interaction = 0.03; see [Figure 2](#nutrients-12-02107-f002){ref-type="fig"} and [Table S1](#app1-nutrients-12-02107){ref-type="app"}). All racial/ethnic groups who reported high resilience demonstrated the increased odds of sleeping the recommended 7--9 h compared to those with medium and low resilience, with the exception of Asian and Pacific Islanders. Compared to Black women who reported low resilience in the full model, non-Hispanic white women who reported high resilience had the greatest odds of achieving recommended sleep hours (OR = 2.55; CI: 2.08--3.14), followed by Latinas (OR = 1.70; CI: 1.32--2.18) and Black women (OR = 1.21; CI: 0.97--1.51). Non-Hispanic white women were the only group where a decrease in the odds of achieving recommended sleep hours (7--9) was seen for each corresponding decrease in resilience levels (OR = 1.68; CI: 0.99--2.85 for high, OR = 1.66; CI: 0.98--2.80 for medium, and OR = 1.57; CI: 0.90--2.75 for low vs. Black women with low resilience). Note, we did not observe effect modification between race/ethnicity and resilience for the diet quality, alcohol intake, and non-smoker status outcomes (see [Figures S2--S5](#app1-nutrients-12-02107){ref-type="app"}).

4. Discussion {#sec4-nutrients-12-02107}
=============

Our findings are consistent with the body of evidence that suggests a high level of self-reported resilience is positively associated with engaging in protective health behaviors \[[@B10-nutrients-12-02107],[@B22-nutrients-12-02107],[@B23-nutrients-12-02107],[@B24-nutrients-12-02107],[@B25-nutrients-12-02107],[@B26-nutrients-12-02107],[@B27-nutrients-12-02107]\]. Granted, there is no consensus on the definition of "resilience" or a gold-standard measurement \[[@B54-nutrients-12-02107]\] used in related studies. Moreover, the fact that researchers have used different resilience scales across studies limited our ability to make direct comparisons. Accordingly, we contextualized our findings by comparison to national averages, clinically significant cut-points, and previous studies focused on self-reported resilience and CVD-protective behaviors.

Overall, we found that women who reported high levels of resilience had 22% greater odds of reporting HEI-2015 diet quality scores in the top 2 quintiles of our study sample (Q1:74.7--96.2; Q2:69.0--74.7), after adjusting for covariates. Among women in the high-resilience group, the average HEI-2015 score was 66.1 (±10.2), which is consistent with the national average for older adults aged 65+, and has been associated with lower risk of mortality from all-cause CVD and cancer in racially and ethnically-diverse older women \[[@B35-nutrients-12-02107]\]. Considering the importance of improving and maintaining high diet quality in aging populations and racial/ethnic minorities, further research needs to be conducted to identify other resources that can foster resilience in older women \[[@B55-nutrients-12-02107],[@B56-nutrients-12-02107]\].

Participants who reported high levels of resilience had 56% greater odds of meeting the national physical activity guidelines (of at least 150 min per week) for chronic disease prevention, compared to women with medium and low levels of resilience. This is consistent with Heberg and colleagues' findings \[[@B25-nutrients-12-02107]\]. We also observed a positive relationship between resilience and physical activity in women who had experienced similar amounts of stressful life events. Hence, future studies should examine the biological pathways whereby physical fitness might confer resilience, including optimizing neuroendocrine and physiological responses to psychosocial stressors \[[@B57-nutrients-12-02107],[@B58-nutrients-12-02107]\]. Further research should also be conducted on the role of resilience in boosting physical fitness, in response to different types of stressors that may affect older women from diverse backgrounds.

With respect to sleep, we found that women who reported high levels of resilience had 36% greater odds of getting the recommended 7--9 h per night, after adjusting for covariates. Our findings add to the evidence that suggests there is an overall positive association between high resilience and healthy sleep behaviors \[[@B27-nutrients-12-02107],[@B59-nutrients-12-02107],[@B60-nutrients-12-02107]\]. Notably, sleep duration was the only CVD-protective behavior whose relationship with resilience was moderated by racial/ethnic group; the association seems to be particularly strong for non-Hispanic whites.

Considering the increasing prevalence of poor sleep quality among American adults, there is a critical need for more studies investigating the link between higher resilience and healthy sleep behaviors \[[@B61-nutrients-12-02107]\]. This is highly pertinent to public health policies and educational initiatives for vulnerable populations, given substantial evidence linking unhealthy sleeping patterns to racial/ethnic discrimination \[[@B62-nutrients-12-02107]\]. On that note, researchers should consider the reciprocal relationships between sleep, physical activity, and dietary behaviors to understand the role of resilience and multiple unhealthy behaviors \[[@B63-nutrients-12-02107],[@B64-nutrients-12-02107]\].

Compared to those in the low and high resilience categories, Black women who reported medium resilience had the lowest odds of getting the recommended 7--9 h of sleep per night. Where this U-shaped relationship partially contradicted our hypothesis, it is perhaps best understood by taking into account the phenomenon known as the "Superwoman" role. Specifically, Black women may feel pressured by their community as well as the larger society to fulfill a legacy of strength, i.e., pulling oneself up by the bootstraps to function in professional and familial roles even in the face of excessive chronic and daily stressors, presumably stemming from racism and sexism \[[@B34-nutrients-12-02107],[@B65-nutrients-12-02107],[@B66-nutrients-12-02107],[@B67-nutrients-12-02107],[@B68-nutrients-12-02107]\]. While maintaining the "Superwoman" identity has been viewed as an asset that has contributed to the resilience of Black women, it has also been linked to decreased emotional support, increased psychological stress and depressive symptoms as well as poor health behaviors, including poor sleep quality and sacrificing sleep in order to reach one's goals \[[@B65-nutrients-12-02107],[@B67-nutrients-12-02107],[@B69-nutrients-12-02107]\]. Unlike the other CVD-protective behaviors, among Black Americans, sleeping is stigmatized as unproductive and is associated with not being a hard worker \[[@B70-nutrients-12-02107]\]. It stands to reason that integrating formal resilience-building skills (i.e., how to access and mobilize resources) into lifestyle interventions that address the factors that compete with healthy sleep behaviors may be especially important in promoting positive health outcomes among Black women.

Given the relatively small number of women in our sample who reported drinking alcohol and smoking, we cannot offer conclusive statements about their relationship to resilience. Briefly, 36.4% (*n* = 27,762) of our sample reported being moderate drinkers, consuming alcoholic drink(s) 1--7 days per week. Women in the high-resilience group had 37% greater odds of being a moderate drinker versus not drinking, possibly adhering to evidence-based recommendations for moderate alcohol use (1 alcoholic drink per day) \[[@B71-nutrients-12-02107]\]. While resilience was not significantly associated with being a non-smoker in our study, previous studies---with a comparable sample of non-smokers and smokers---reported a significant association \[[@B23-nutrients-12-02107],[@B24-nutrients-12-02107]\]. Thus, more research is needed to evaluate the relationship between resilience, moderate alcohol consumption, and being a non-smoker in older women.

Even though our study helps to understand the relationship between self-reported resilience and CVD-protective behaviors among aging American women, it is not without limitations. Our findings may only be generalizable to older women, the mean age of our sample 77 years. Tied to this, the women who consented to remain in the Extension Study II may be healthier and/or more driven to stay in the study than the general population who dropped out or declined enrollment. What's more, due to its cross-sectional nature, we cannot establish causality between BRS resilience and CVD-protective behaviors. Resilience could influence healthy behaviors, but healthy behaviors could also foster resilience. To confirm the directionality of the association, we would need to conduct a longitudinal analysis.

Further, due to the relatively small number of women of color, relative to non-Hispanic white participants, the confidence intervals for estimates in the low-resilience group are quite wide. This suggests that the corresponding estimates must be interpreted with care---particularly for Asian or Pacific Islander women. Further, since all measures self-reported at single timepoints, they are potentially affected by reporting bias and issues of reliability. Measurement of never smoking, as opposed to current smoking, may have increased the likelihood of our detecting a signal between smoking and resilience. We add this limitation to lines. Although most independent and dependent variables were collected at the same time (in 2011), a few were collected at baseline (1993--1998), including the WHI food frequency questionnaire. The time lag between the dietary assessment and resilience measure may have attenuated the relationship.

Although the cut-offs for our binary outcomes followed evidence-based prevention guidelines, this may have limited our ability to capture specific recommendations. For instance, our measure of alcohol intake is based on weekly frequency, yet the evidence-based recommendation relied on a quantitative estimation of alcohol consumed. Our measure assumes that the women in our sample did not consume more than one drink, 14 g of alcohol during the 1--7 times they reported drinking. This assumption was based on the high proportion of women who reported having had less than 1 drink per week and on previous epidemiological evidence suggesting that a large proportion of the WHI abstain or are light drinkers, with few heavy drinkers \[[@B72-nutrients-12-02107]\]. Lastly, our primary measure of resilience was limited by the shortened version of the BRS for assessing the ability to bounce back.

Nonetheless, our findings are significant. To the best of our knowledge, this is the first study to evaluate self-reported resilience, several CVD-protective health behaviors, and racial/ethnic interactions in a large sample of racially and ethnically-diverse older American women. We also used a rigorous dietary assessment and a validated food frequency questionnaire-based comprehensive diet quality score, from which the latest index was calculated (HEI-2015) \[[@B36-nutrients-12-02107]\].

Overall, this study draws attention to the potential of resilience, a modifiable and assessable variable \[[@B73-nutrients-12-02107]\], to inform behavioral interventions focused on prevention and health promotion in ethnically and racially diverse communities of older American women. Tied to this, because the BRS takes an outcome-oriented approach that defines resilience in terms of how well someone bounces back from stress, it is ideal for interventions.

5. Conclusions {#sec5-nutrients-12-02107}
==============

High levels of perceived resilience are significantly associated with engaging in CVD-protective behaviors. This association holds across different racial/ethnic groups. Further research investigating whether and how resilience can moderate the relationship between stressors, including perceived discrimination and CVD-protective behaviors, is warranted, as this study is an observational cross-sectional study. Moreover, it is worthwhile to investigate the efficacy of resilience-based interventions to promote adherence to CVD prevention guidelines and conduct longitudinal follow up in future randomized trials. Taken together, this study serves as a foundational step in understanding resilience as a factor that can be used to inform strength-based approaches to health promotion, particularly in vulnerable populations such as Black women, who are able to remain resilient in the face of historical injustices and contemporary discrimination.
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###### 

Description of perceived stress, sociodemographic information, and other health factors by low, medium, and high levels of self-reported psychological resilience from participants in the Women's Health Initiative (WHI) Extension Study II.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics                                      Total\          Low\              Medium\           High\             Absolute Standardized Difference (ASD)
                                                       N (%)\          (BRS 1.0--2.9)\   (BRS 3.0--4.2)\   (BRS 4.3--5.0)\   
                                                       *N* = 77,395    *N* = 5496        *N* = 36,638      *N* = 35,261      
  ---------------------------------------------------- --------------- ----------------- ----------------- ----------------- ----------------------------------------
  Stressful life events, (mean (sd)), range: 0--36     3.20 (3.13)     4.14 (3.80)       3.57 (3.31)       2.67 (2.72)       0.301

  Missing                                              287             45                140               102               

  Sociodemographic information                                                                                               

  Age in years at collection of resilience,\           77.0 (6.4)      77.7 (6.7)        77.4 (6.4)        76.5 (6.3)        0.122
  (mean (sd))                                                                                                                

  Age categories at collection of resilience (%):                                                                            

  62--74                                               28,356 (36.6)   1846 (33.6)       12,503 (34.1)     14,007 (39.7)     

  75--84                                               37,367 (48.3)   2608 (47.5)       18,119 (49.5)     16,640 (47.2)     

  85+                                                  11,672 (15.1)   1042 (19.0))      6016 (16.4)       4614 (13.1)       

  Missing                                              0               0                 0                 0                 

  Race/Ethnicity (%):                                                                                                        0.070

  Black or African American                            4475 (5.8)      387 (7.0)         1914 (5.2)        2174 (6.2)        

  Non-Hispanic white (not of Hispanic origin)          69,448 (89.7)   4840 (88.1)       33,024 (90.1)     31,584 (89.6)     

  Hispanic/Latina                                      1891 (2.4)      177 (3.2)         895 (2.4)         819 (2.3)         

  Asian or Pacific Islander                            1581 (2.0)      92 (1.7)          805 (2.2)         684 (1.9)         

  Missing                                              0               0                 0                 0                 

  Education level (%):                                                                                                       0.152

  ≤High School                                         1930 (2.5)      228 (4.2)         1037 (2.8)        665 (1.9)         

  High School or General Education Degree              11,573 (15.1)   943 (17.3)        6077 (16.7)       4553 (13.0)       

  Some college                                         27,716 (36.0)   2052 (37.7)       13,290 (36.5)     12,374 (35.3)     

  ≥College degree                                      35,674 (46.4)   2226 (40.9)       16,011 (44.0)     17,437 (49.8)     

  Missing                                              502             47                223               232               

  Annual family income (%):                                                                                                  0.194

  \<20,000                                             7305 (10.0)     735 (14.2)        3839 (11.1)       2731 (8.1)        

  20,000--34,999                                       15,742 (21.4)   1278 (24.6)       7896 (22.8)       6568 (19.6)       

  35,000--49,999                                       15,650 (21.3)   1123 (21.7)       7569 (21.8)       6958 (20.7)       

  50,000--74,999                                       16,955 (23.1)   1085 (20.9)       7761 (22.4)       8109 (24.2)       

  75,000+                                              17,761 (24.2)   967 (18.6)        7601 (21.9)       9193 (27.4)       

  Missing                                              3982            308               1972              1702              

  Marital status (%):                                                                                                        0.045

  Never married                                        3142 (4.1)      246 (4.5)         1472 (4.0)        1424 (4.1)        

  Divorced or separated                                11,386 (14.8)   855 (15.6)        5137 (14.1)       5394 (15.3)       

  Widowed                                              9824 (12.7)     737 (13.5)        4699 (12.9)       4388 (12.5)       

  Presently married/married-like relationship          52,781 (68.4)   3639 (66.4)       25,206 (69.0)     23,936 (68.1)     

  Missing                                              262             19                124               119               

  Baseline health status                                                                                                     

  BMI, (mean (sd))                                     27.5 (5.6)      27.6 (5.8)        27.5 (5.7)        27.4 (5.6)        0.019

  Missing                                              658             45                309               304               

  Diet quality (HEI-2015) (mean (sd)), range: 0--100   65.7 (10.2)     64.8 (10.5)       65.4 (10.2)       66.1 (10.2)       0.088

  Missing                                              136             11                64                61                

  CVD-risk factors                                                                                                           

  Obese, (BMI kg, m^2^ 30+) (%):                                                                                             

  Yes                                                  20,286 (26.4)   1483 (27.2)       9625 (26.5)       9178 (26.3)       0.014

  No                                                   56,451 (73.6)   3968 (72.8)       26,704 (73.5)     25,779 (73.7)     

  Missing                                              658             45                309               304               

  Diabetes (%):                                                                                                              0.045

  Yes                                                  10,793(13.9)    852 (15.5)        5304 (14.5)       4637 (13.2)       

  No                                                   66,602 (86.1)   4644 (84.5)       31,334 (85.5)     30,624 (86.8)     

  Hypertension (%):                                                                                                          0.094

  Yes                                                  44,472 (57.5)   3413 (62.1)       21,619 (59.0)     19,440 (55.1)     

  No                                                   32,923 (42.5)   2083 (37.9)       15,019 (41.0)     15,821 (44.9)     

  High cholesterol (%):                                                                                                      0.077

  Yes                                                  20,385 (26.3)   1626 (29.6)       10,138 (27.7)     8621 (24.4)       

  No                                                   57,010 (73.7)   3870 (70.4)       26,500 (72.3)     26,640 (75.6)     
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------
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###### 

CVD-protective health behaviors by low, medium, and high levels of self-reported psychological resilience from participants in the Women's Health Initiative (WHI) Extension Study II.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------
  CVD-Protective Health Behaviors                                                      Total\          Low\              Medium\           High\
                                                                                       *N* (%)\        (BRS 1.0--2.9)\   (BRS 3.0--4.2)\   (BRS 4.3--5.0)\
                                                                                       *N* = 77,395    *N* = 5496        *N* = 36,638      *N* = 35,261
  ------------------------------------------------------------------------------------ --------------- ----------------- ----------------- -----------------
  Better diet quality (HEI-2015) top 2 quintiles (Q1:74.7--96.2; Q2:69.0--74.7) (%):                                                       

  Yes                                                                                  30,904 (40.0)   1996 (36.4)       14,180 (38.8)     14,728 (41.8)

  No                                                                                   46,355 (60.0)   3489 (63.6)       22,394 (61.2)     20,472 (58.2)

  Missing                                                                              136             11                64                61

  Non-smoker (%):                                                                                                                          

  Yes                                                                                  74,514 (97.7)   5246 (97.5)       35,242 (97.7)     34,026 (97.8)

  No                                                                                   1739 (2.3)      133 (2.5)         842 (2.3)         764 (2.2)

  Missing                                                                              1142            117               554               471

  Min of recreational physical activity per week\                                      166.5 (177.1)   133.4 (163.2)     151.4 (165.5)     187.3 (188.0)
  (mean (sd)):                                                                                                                             

  Missing                                                                              1136            108               590               438

  Recommended\                                                                                                                             
  150 min of recreational physical activity per week (%):                                                                                  

  Yes                                                                                  35,099 (46.0)   1987 (36.9)       15,407 (42.7)     17,705 (50.8)

  No                                                                                   41,160 (54.0)   3401 (63.1)       20,641 (57.3)     17,118 (49.2)

  Missing                                                                              1136            108               590               438

  Sleep duration, h per night (%):                                                                                                         

  ≤5                                                                                   6484 (8.4)      656 (12.0)        3423 (9.4)        2405 (6.9)

  6                                                                                    18,616 (24.2)   1397 (25.6)       9177 (25.2)       8042 (22.9)

  7                                                                                    26,748 (34.8)   1630 (29.9)       12,373 (34.0)     12,745 (36.3)

  8                                                                                    18,610 (24.2)   1152 (21.1)       8332 (22.9)       9126 (26.0)

  9                                                                                    5555 (7.2)      483 (8.9)         2616 (7.2)        2456 (7.0)

  10+                                                                                  914 (1.2)       137 (2.5)         484 (1.3)         293 (0.8)

                                                                                       468             41                233               194

  Recommended\                                                                                                                             
  7--9 h of sleep per night during past 4 months (%):                                                                                      

  Yes                                                                                  50,913 (66.2)   3265 (59.9)       23,321 (64.1)     24,327 (69.4)

  No                                                                                   26,014 (33.8)   2190 (40.1)       13,084 (35.9)     10,740 (30.6)

  Missing                                                                              468             41                233               194

  Alcohol use in past 3 months (%):                                                                                                        

  Never/less than 1 time per week                                                      48,486 (63.6)   3723 (69.3)       23,303 (64.6)     21,460 (61.7)

  1 to 4 times per week                                                                15,305 (20.1)   953 (17.7)        7015 (19.4)       7337 (21.1)

  5 to 6 times per week                                                                5809 (7.6)      299 (5.6)         2710 (7.5)        2800 (8.1)

  7 times per week (everyday)                                                          6648 (8.7)      396 (7.4)         3049 (8.5)        3203 (9.2)

  Missing                                                                              1147            125               561               461

  Moderate alcohol use\                                                                                                                    
  Had alcoholic drink(s) 1--7 time(s) per week (%):                                                                                        

  Yes                                                                                  27,762 (36.4)   1648(30.6)        12,774 (35.4)     13,340 (38.3)

  No                                                                                   48,486 (63.6)   3723 (69.3)       23,303 (64.6)     21,460 (61.7)

  Missing                                                                              1147            125               561               461
  ----------------------------------------------------------------------------------------------------------------------------------------------------------
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###### 

Estimated associations between self-reported psychological resilience and CVD-protective health behaviors, adjusted for stressful life events (SLEs), sociodemographic information (age, race/ethnicity, and education), and additional CVD-protective risk factors (BMI, diabetes, hypertension, and dyslipidemia). Low BRS was designated as the reference group for all models. Each cell contains the estimated odds ratio (95% confidence interval).

  -----------------------------------------------------------------------------------------------------------------------------------------------------
  Outcome                                                  Unadjusted           Model 1              Model 2              Model 3
  -------------------------------------------------------- -------------------- -------------------- -------------------- -----------------------------
                                                                                SLEs                 SLEs\                SLEs\
                                                                                                     Sociodemographic     Sociodemographic\
                                                                                                                          Additional CVD risk factors

  Better diet quality\                                     BRS medium:\         BRS medium:\         BRS medium:\         BRS medium:\
  (top 2 quintiles of HEI-2015, yes/no)                    1.11 (1.04, 1.17)\   1.09 (1.02, 1.15)\   1.08 (1.02, 1.15)\   1.08 (1.02, 1.15)\
                                                           BRS high:\           BRS high:\           BRS high:\           BRS high:\
                                                           1.26 (1.19, 1.33)    1.20 (1.13, 1.27)    1.20 (1.13, 1.28)    1.22 (1.14, 1.29)

  Non-smoker (yes/no)                                      BRS medium:\         BRS Medium:\         BRS Medium:\         BRS medium:\
                                                           1.06 (0.88, 1.28)\   1.01 (0.84, 1.22)\   1.00 (0.83, 1.20)\   0.99 (0.82, 1.20)\
                                                           BRS high:\           BRS high:\           BRS high:\           BRS high:\
                                                           1.13 (0.94, 1.36)    1.01 (0.84, 1.22)    1.03 (0.86, 1.25)    1.02 (0.85, 1.24)

  Recommended\                                             BRS medium:\         BRS medium:\         BRS medium:\         BRS medium:\
  Physical Activity\                                       1.28 (1.21, 1.36)\   1.26 (1.19, 1.34)\   1.22 (1.15, 1.29)\   1.23 (1.15, 1.31)\
  (≥150 min per week, yes/no)                              BRS high:\           BRS high:\           BRS high:\           BRS high:\
                                                           1.78 (1.68, 1.89)    1.70 (1.60, 1.80)    1.54 (1.45, 1.63)    1.56 (1.47, 1.66)

  Adequate Sleep\                                          BRS medium:\         BRS medium:\         BRS medium:\         BRS medium:\
  (7--9 h of sleep per night, yes/no)                      1.20 (1.13, 1.27)\   1.16 (1.10, 1.23)\   1.14 (1.07, 1.21)\   1.14 (1.07, 1.21)\
                                                           BRS high:\           BRS high:\           BRS high:\           BRS high:\
                                                           1.52 (1.44, 1.61)    1.42 (1.34, 1.50)    1.36 (1.28, 1.44)    1.36 (1.28, 1.44)

  Moderate Alcohol Use\                                    BRS medium:\         BRS medium:\         BRS medium:\         BRS medium:\
  (had alcoholic drink(s) 1--7 time(s) per week, yes/no)   1.24 (1.17, 1.32)\   1.23 (1.16, 1.31)\   1.19 (1.12, 1.27)\   1.20 (1.13, 1.28)\
                                                           BRS high:\           BRS high:\           BRS high:\           BRS high:\
                                                           1.41 (1.32, 1.50)    1.37 (1.29, 1.46)    1.26 (1.18, 1.35)    1.28 (1.20, 1.37)
  -----------------------------------------------------------------------------------------------------------------------------------------------------

Self-reported psychological resilience (resilience) was measured by a shortened 3-item version of the brief resilience scale (BRS).
